Introduction
============

*Helicobacter pylori* ( *H. pylori* ) infection is one of the most prevalent infectious diseases worldwide, with 40 % to 50 % of the global human population estimated to be infected [@JR1737-1] . *H. pylori* is associated with development of atrophic gastritis and gastric cancer [@JR1737-2] [@JR1737-3] [@JR1737-4] [@JR1737-5] , and eradication of *H. pylori* infection has been reported as an effective strategy for treating atrophic gastritis and peptic ulcer and preventing gastric cancer [@JR1737-6] [@JR1737-7] [@JR1737-8] [@JR1737-9] . Therefore, it is important to estimate *H. pylori* infection status [@JR1737-10] . In chronic gastritis, endoscopic images of gastric mucosa display different characteristics according to the severity and duration of *H. pylori* infection. Endoscopic findings of diffuse redness, enlarged folds, nodularity, atrophy, and intestinal metaplasia are associated with chronic gastric mucosal inﬂammation and *H. pylori* infection [@JR1737-11] . Nodular gastritis is characterized by a miliary pattern resembling "gooseﬂesh" in the antral and/or corpus mucosa on endoscopy [@JR1737-12] . Nodular gastritis is frequently associated with follicular lymphoid hyperplasia with intraepithelial lymphocytosis [@JR1737-13] . Nodularity can be seen in the stomach of children much more frequently than in adults and may be a characteristic of an early stage of infection with *H. pylori* [@JR1737-14] . Nodularity appears more commonly in the antral mucosa than in the corpus mucosa [@JR1737-13] . Recently, we have observed nodularity not only in the antrum but also in the cardia. Nodularity-like appearance in the cardia has never been evaluated; therefore, the aim of the current study was to investigate the clinical signiﬁcance of cardiac nodularity-like appearance in *H. pylori* -associated gastritis.

Patients and methods
====================

Ethics
------

This study was approved by the ethical review committee of Hattori Clinic on September 6, 2019 (approval no. S1909-U06). Written informed consent was obtained from all participants [@JR1737-5] [@JR1737-15] , and all clinical investigations were conducted according to the ethical guidelines of the Declaration of Helsinki.

Patients
--------

Consecutive patients who underwent esophagogastroduodenoscopy (EGD) and a serum anti- *H. pylori* antibody test between July 2017 and July 2019 in the Toyoshima Endoscopy Clinic were retrospectively reviewed. We included patients who were evaluated for *H. pylori* infection for the ﬁrst time and excluded patients with a history of eradication treatment, gastric cancer, or gastrectomy. EGD was conducted for screening and the examination of symptoms. Data on patient baseline characteristics, including age, sex, and indication for EGD, were collected.

Endoscopic and pathological procedures
--------------------------------------

EGD was performed using the Olympus Evis Lucera Elite system with a GIF-HQ290 or GIF-H290Z endoscope (Olympus Corporation, Tokyo, Japan) by an expert physician (O.T.). Furthermore, EGD images were retrospectively reviewed by other expert physicians. Discrepancies in diagnosis between the two sets of physicians were resolved through discussion. Sedation with midazolam and/or pethidine was performed at patient discretion [@JR1737-5] [@JR1737-16] . The diagnosis of nodularity in the antrum was made when the mucosa had a miliary nodular appearance. Characteristic findings were whitish circular micronodules measuring ≤ 1 mm in both diameter and height. A nodularity-like appearance in the cardia was defined as a miliary nodular appearance or the presence of scattered whitish circular small colorations (flat type) within 2 cm of the esophagogastric junction. Nodularity was visualized as whitish in narrow-band imaging mode. Representative endoscopic images are shown in [Fig. 1](#FI1737-1){ref-type="fig"} .

![Endoscopic images of cardiac nodularity from a 48-year-old woman with *H. pylori* antibody levels of 9.4 U/mL, urea breath test of 28.5 permil, and antral nodularity. **a** White light observation. A miliary pattern resembling "gooseflesh": was found in the cardia. Whitish circular micronodules measuring ≤ 1 mm in both diameter and height were observed. **b** Narrow-band imaging observation. Whitish coloration denoted nodularity.](10-1055-a-1136-9890-i1737ei1){#FI1737-1}

We carried out targeted biopsy of the cardiac nodularity-like appearance. Pathological ﬁndings were evaluated using hematoxylin and eosin stain, and histological diagnosis was made by an expert gastrointestinal pathologist (H.W.).

We evaluated endoscopic gastric atrophy according to Kimura-Takemoto classification [@JR1737-17] . Widely spreading atrophy, where the border of the gastric lesser curvature extends beyond the cardia is defined as open-type atrophy.

Diagnosis of *H. pylori* infection
----------------------------------

Serum anti- *H. pylori* antibody was measured on the day of EGD. The antibody titer was measured using an enzyme immunoassay kit with antigens derived from Japanese individuals (E-plate Eiken *H. pylori* antibody II; Eiken Chemical, Tokyo, Japan). The manufacturer recommended a cut-off value of 10 U/mL for *H. pylori* positivity. When the serum anti- *H. pylori* antibody titer was ≥ 3.0 U/mL, the urea breath test or histology was added. If either the urea breath test or histology was positive, patients were considered positive for *H. pylori* [@JR1737-18] [@JR1737-19] . An antibody titer \< 3.0 U/mL or negative urea breath test was considered to indicate *H. pylori* negativity.

Statistical analysis
--------------------

Accuracy of *H. pylori* infection diagnoses based on cardiac nodularity-like appearance and antral nodularity was assessed. To validate the nodularity-like appearance in the cardia, the interobserver agreement between 2 endoscopists was examined, and the kappa value was calculated. The association between nodularity and clinicopathological factors was analyzed. Categorical and continuous data were compared using the chi-square test and Mann-Whitney U test, respectively. A two-sided *P \< * 0.05 was considered statistically significant. Data were analyzed using Ekuseru-Toukei 2015 software (Social Survey Research Information, Tokyo, Japan).

Results
=======

The endoscopist performed 1332 EGDs during the study period. We excluded 523 patients with known *H. pylori* infection status (7 positive and 516 negative) and 534 patients after *H. pylori* eradication treatment. Two hundred and sixty-five patients were finally enrolled, after excluding 10 patients whose *H. pylori* infection status could not be identified ( [Fig. 2](#FI1737-2){ref-type="fig"} ).

![Flowchart of patients.](10-1055-a-1136-9890-i1737ei2){#FI1737-2}

Characteristics of the participants in the current study are shown in [Table 1](#TB1737-1){ref-type="table"} . A total of 42 patients (15.8 %) were diagnosed as positive for *H. pylori* . Cardiac nodularity-like appearance and antral nodularity were recognized in 25 and 15 patients, respectively. Gastric cancer was not found in the enrolled patients.

###### Characteristics of enrolled subjects.

  ------------------------- ----------------
  Total, n                  265
  Mean age, years (range)    48.3 (18--84)
  Male sex, n               112 (42.3 %)
  *H. pylori* (+), n         42 (15.8 %)
  Cardiac nodularity, n      25 (9.4 %)
  Antral nodularity, n       15 (5.7 %)
  ------------------------- ----------------

With cardiac nodularity-like appearance, accuracy of prediction of *H. pylori* infection is shown in [Table 2](#TB1737-2){ref-type="table"} . Specificity was 0.996 (95 % confidence interval: 0.975--1.00), the sensitivity was 0.571 (0.410--0.723), the positive predictive value (PPV) was 0.960 (0.797--0.999), negative predictive value (NPV) was 0.925 (0.884--0.955), and the accuracy was 0.928 (0.890--0.956). The κ value validating the interobserver agreement on the nodularity-like appearance in the cardia was excellent (κ value = 0.94).

###### Prediction of *H. pylori* infection by cardiac nodularity.

                            *H. pylori* (+)   *H. pylori* (--)
  ------------------------- ----------------- ------------------
  Cardiac nodularity (+)    24                  1
  Cardiac nodularity (--)   18                222

Sensitivity 0.571, specificity 0.996, positive predictive value 0.960, negative predictive value 0.925, accuracy 0.928.

With antral nodularity, accuracy of prediction of *H. pylori* infection is shown in [Table 3](#TB1737-3){ref-type="table"} . Specificity was 0.996 (95 % confidence interval: 0.975--1.00), sensitivity was 0.333 (0.196--0.496), PPV was 0.933 (0.681--0.998), NPV was 0.888 (0.842--0.924), and accuracy was 0.891 (0.847--0.926). Cardiac nodularity was observed in all patients with *H. pylori* infection with antral nodularity. Sensitivity of cardiac nodularity was significantly higher than that of antral nodularity ( *P*  = 0.0284). The κ value validating the interobserver agreement on the antral nodularity was good (κ value = 0.76).

###### Prediction of *H. pylori* infection by antral nodularity.

                           *H. pylori* (+)   *H. pylori* (--)
  ------------------------ ----------------- ------------------
  Antral nodularity (+)    14                  1
  Antral nodularity (--)   28                222

Sensitivity 0.333, specificity 0.996, positive predictive value 0.933, negative predictive value 0.888, accuracy 0.891.

Both the cardiac nodularity-like appearance and antral nodularity were associated with endoscopic open-type atrophy, but not with age or sex ( [Table 4](#TB1737-4){ref-type="table"} ).

###### Association between nodularity and clinicopathological factors.

                             **Cardiac nodularity (+)**   **Cardiac nodularity (--)**   ***P* value**   **Antral nodularity (+)**   **Antral nodularity (--)**   ***P* value**
  -------------------------- ---------------------------- ----------------------------- --------------- --------------------------- ---------------------------- ---------------
  **Number**                 25                           240                                           15                          250                          
  **Age, years**             46.2                          48.5                         0.41            48.2                          48.3                       0.97
  **Sex, male/female**        9/16                        103/137                       0.51             4/11                       108/142                      0.21
  **Atrophy, open/closed**   12/13                         16/224                        \< 0.001        7/8                         21/229                       \< 0.001

Histological examination of cardiac nodularity was performed in 10 patients. Six of 10 specimens obtained from cardiac nodularity revealed lymphoid follicles displaying lymphocyte infiltration in the cardiac gland. Representative pathological images are shown in [Fig. 3](#FI1737-3){ref-type="fig"} .

![Pathological images of cardiac nodularity from a 48-year-old woman with *H. pylori* antibody levels of 9.4 U/mL, urea breath test result of 28.5 permil, and antral nodularity. **a** A lymphoid follicle was observed in the cardiac mucosa. The black scale indicates 100 µm. H&E stain. **b** Intraepithelial lymphocyte infiltration was observed (arrows). The black scale indicates 50 µm. H&E stain.](10-1055-a-1136-9890-i1737ei3){#FI1737-3}

Discussion
==========

This is the first report to describe characteristics of cardiac nodularity-like appearance. Cardiac nodularity-like appearance was associated with *H. pylori* infection and had excellent accuracy for *H. pylori* infection diagnosis. In addition, sensitivity of cardiac nodularity-like appearance was significantly higher than that of antral nodularity. These results suggest that presence of cardiac nodularity-like appearance on EGD may be one of the predictors of *H. pylori* infection.

Reported incidence of this nodularity varies considerably and has been reported at 32.9 % to 85 % in *H. pylori* -positive children [@JR1737-20] [@JR1737-21] [@JR1737-22] [@JR1737-23] [@JR1737-24] . Nodularity was previously considered to be a speciﬁc ﬁnding in children with *H. pylori* infections. However, recent reports indicated that nodularity is occasionally observed in adults with *H. pylori* infections, particularly in women and young adults [@JR1737-25] . Nodular gastritis improves gradually with age [@JR1737-22] . Antral nodularity corresponds to germinal follicles and lymphocytic aggregates in the gastric mucosa [@JR1737-13] [@JR1737-26] . In this study, we often found lymphoid follicles in the biopsy samples of the cardiac nodularity-like appearance. Nodular gastritis is associated with increased risk of developing diffuse-type cancer due to highly active gastric inﬂammation. Nishikawa *et al* . reported that *H. pylori* eradication in patients with nodular gastritis effectively prevented diffuse-type cancer. Detection of nodular gastritis is important to prevent gastric cancer [@JR1737-14] . Further studies should be conducted to analyze the clinicopathological significance of cardiac nodularity-like appearance.

There are two types of inflammation at the gastric cardiac region: gastroesophageal reflux disease-related type and *H. pylori* -related type [@JR1737-27] [@JR1737-28] . The cardiac nodularity-like appearance in this study might apply to *H. pylori* -related type carditis. Egi *et al* . reported that cardiac cancer was associated with *H. pylori* infection, and carditis was observed in all cardiac cancer patients with *H. pylori* infection [@JR1737-29] [@JR1737-30] . Careful observation of cardia is recommended.

Lymphoid follicles are often observed in the antrum but less frequent in the fundic gland mucosa [@JR1737-13] [@JR1737-31] . Eidt *et al.* reported that prevalence of lymphoid follicles in *H. pylori* gastritis was 54 % in the antral and 15 % in the corpus mucosa, respectively [@JR1737-31] . Furthermore, the corpus mucosa is so thick that it could hinder the endoscopic observation [@JR1737-32] . Therefore, the reason why nodularity is rarely observed in the corpus may be due to the low prevalence of lymphoid follicles and thick mucosa in the corpus. In this study, lymphoid follicles were often recognized in the cardia. The cardiac and pyloric glands are mainly responsible for mucus secretion and bicarbonate secretion and act as a defense mechanism for gastric mucosa. Both express MUC6 and secrete pepsinogen II, but not pepsinogen I. Fundic glands are composed of chief cells (secreting both pepsinogen I and II), parietal cells (acid secretion), and mucus neck cells (mucus secretion), and are responsible for gastric secretion related to gastric digestion [@JR1737-33] . Similarities of cardia and pyloric glands, unlike fundic glands, might contribute to the appearance of lymphoid follicles in the cardia.

This study had some limitations. First, it was a retrospective review at a single institution. Second, it employed only a single experienced endoscopist. Therefore, it is difficult to apply these findings directly to other endoscopists. Third, Cag A status was not assessed [@JR1737-34] . Further analyses of other bacterial factors, along with host genetic and environmental factors that modulate the response to *H. pylori* infection, are warranted. Fourth, the number of biopsy samples obtained from the nodularity-like appearance was too small to explain the histological feature of these endoscopic findings. In the future, further analysis is needed.

Conclusion
==========

In conclusion, *H. pylori* -associated nodularity may appear in the cardia. Cardiac nodularity-like appearance was found more frequently than antral nodularity in this study.
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